Introduction and background {#sec1}
===========================

Internal fixation with a compression hip screw or cephalomedullary nail is considered the standard of care for most intertrochanteric (IT) proximal femur fractures [@bib1]. However, internal fixation is often associated with failure in elderly, osteoporotic patients who comprise a significant portion of the affected population. Overall, failure rates of osteosynthesis have been cited between 3% and 12% [@bib2], [@bib3], [@bib4]. IT fractures may fail to heal for a variety of reasons, including the stability of initial fracture pattern, extent of comminution, quality of the reduction and fixation, and bone quality. Failed treatment of IT fractures can lead to significant disability, pain, and need for revision procedures [@bib1].

Revision osteosynthesis and salvage treatment with hip arthroplasty are the 2 mainstays of treatment for failed internal fixation of IT fractures. Both conversion total hip arthroplasty (cTHA) and conversion hemiarthroplasty (cHA) are generally accepted salvage options for failure of these fixation devices in older patients [@bib5], [@bib6]. Several technical hurdles to successful arthroplasty in this setting include poor bone stock, residual bone deformity, altered soft tissue anatomy, and retained hardware [@bib1], [@bib2]. Owing to these challenges, conversion arthroplasty has been associated with increased risk of perioperative morbidity---prolonged operative times, increased blood loss, intraoperative fracture, and early dislocation [@bib7], [@bib8], [@bib9]. Currently, no established guidelines exist regarding conversion arthroplasties after failed internal fixation of IT fractures. Given such limited existing clinical data, the purpose of this systematic review and meta-analysis was to compare functional outcomes and complications of total hip arthroplasty to those of hemiarthroplasty after fixation failure of IT fractures.

Material and methods {#sec2}
====================

Search strategy {#sec2.1}
---------------

A systematic literature search was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and Cochrane Handbook ([Fig. 1](#fig1){ref-type="fig"}). Two reviewers independently searched 3 online databases (PubMed, Cochrane, and EMBASE) using the following keywords and their combinations: salvage total hip arthroplasty, IT fracture, hemiarthroplasty, hip, conversion, and failed fixation. Articles published between 2000 and 2017 were included in our literature search and were limited to studies in human subjects published in English. Reference lists of included studies were cross-referenced for supplementary eligible studies. The search terms and inclusion/exclusion criteria were established a priori.Figure 1PRIMSA diagram: Flowchart of systematic search strategy.

Eligibility criteria {#sec2.2}
--------------------

Eligible studies were included based on the following criteria: (1) level I to III evidence, (2) articles published in the English language, (3) human studies, (4) failed IT fractures, (5) studies reporting clinical outcomes, and (6) full-text availability. Exclusion criteria were as follows: (1) basic science articles, (2) studies on primary hip arthroplasty, and (3) potential overlap of patient populations when study was by same author or institutions.

Literature appraisal {#sec2.3}
--------------------

Two of the authors screened all titles, abstracts, and full text of retrieved studies to determine eligibility. Disagreements were resolved by discussion between the 2 authors, and if a consensus could not be reached, the senior reviewer resolved the discrepancy. The final decision on inclusion was made on the basis of the full text of the article.

The Methodological Index for Non-Randomized Studies (MINORS) criteria were used for grading the methodological quality of selected studies. MINORS is a validated scoring tool to assess internal and external validity for nonrandomized studies [@bib10]. Studies are assigned 0, 1, or 2 with a maximum of 24 for comparative studies and 16 for noncomparative studies. Although each included constituent study was scored, studies were not excluded from the systematic review on the basis of their MINORS score.

Data extraction {#sec2.4}
---------------

Included studies were used to extract relevant data including author, year of publication, sample size, study design, level of evidence, and surgical procedure (ie, cHA vs cTHA). The primary outcome measures evaluated in our meta-analysis included postoperative dislocation, reoperation, and infection. Secondary outcomes evaluated included intraoperative fractures, postoperative fractures, stem subsidence, and Harris Hip Score (HHS).

Quantitative analysis {#sec2.5}
---------------------

A statistical analysis was conducted using Review Manager 5.3 (Nordic Cochrane Center, Cochrane Collaboration 2009, Copenhagen, Denmark). The heterogeneity between studies was evaluated using the I^2^ statistic, and a χ^2^ of \<0.05 was used to determine the significance of the heterogeneity between studies. Risk ratios (RRs) were reported for dichotomous variables, whereas mean differences and standard deviations were used for continuous variables. All analyses were conducted using the Mantel--Haenszel random-effects model. A random-effects model was chosen because it is the most appropriate and conservative method in the setting of medical decision-making and possible study heterogeneity. It also accounts for both within-study and between-study variance. This methodology has been previously used in similar meta-analyses of observational data [@bib11]. The results of our meta-analysis were then illustrated using forest plots, which used a 95% confidence interval (CI) for each study, and a cumulative weighted mean effect for all the studies involved.

Results {#sec3}
=======

Search results {#sec3.1}
--------------

The results of the electronic database search are outlined in [Figure 1](#fig1){ref-type="fig"}. The search yielded 310 results after the removal of all duplicates (117 PubMed, 207 CINAHL, 72 Embase). No additional records were identified through other sources. After title-based exclusion of 243 sources, 67 abstracts were screened for inclusion. Twenty-six articles were deemed potentially eligible and were read in full by 2 reviewers. Six studies published between 2000 and 2016 met the final eligibility criteria and were ultimately included in the review [@bib7], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16]. All 6 studies were retrospective analyses of outcomes following cTHA and cHA for failed fixation of IT fractures ([Table 1](#tbl1){ref-type="table"}).Table 1Eligible studies including numbers of patients, follow-up intervals, and outcome measures assessed.AuthorYearStudy designnAge range (y)M/FSalvage procedureFollow-up (mo)Outcome measuresCho et al. [@bib12]2010Retrospective analysis of the outcomes of cTHA vs cHA1873 (63-88)8/10THA (9), bipolar HA (9)38.7 (24-72)Functional outcomes: HHS, VAS, SW, Length of Stay, operative time, transfusion volume. Complications: intraoperative fracture, infection, dislocation, reoperationFeng et al. [@bib16]2013Retrospective analysis of the outcomes of cTHA vs cHA1376.5 (58-92)4/9THA (4), bipolar HA (9)31 (14-68)Functional outcomes: HHS, WOMAC, pain, ambulationLaffosse et al. [@bib13]2007Retrospective analysis of the outcomes of cTHA vs cHA2981.1 (70-91)6/23THA (7), bipolar HA (22)20 (6-89)Functional outcomes: ambulation, pain relief. Complications: intraoperative fracture, postoperative fracture, dislocation, stem subsidence, reoperationPachore et al. [@bib14]2013Retrospective analysis of the outcomes of cTHA vs cHA3067.3 (51-81)13/17THA (9), bipolar HA (21)20 (6-48)Function outcomes: HHS, VAS, ambulation. Radiographic subsidence. Complications: dislocation, reoperationTsai et al. [@bib15]2016Retrospective analysis of the outcomes of cTHA vs cHA7975.1 (32-90)40/39THA (55), bipolar HA (24)75.6 (24-244)Functional outcomes: HHS. Radiographic subsidence or loosening. Complications: dislocation, infection, intraoperative fracture, postoperative fracture, reoperationZhang et al. [@bib7]2004Retrospective analysis of the outcomes of cTHA vs cHA1964.1 (21-87)6/13THA (16), bipolar HA (3)88 (24-216)Functional outcomes: HHS, pain, ambulation. Radiologic loosening and stability. Complications: intraoperative fracture, dislocation, infection, reoperation

Methodological quality {#sec3.2}
----------------------

All 6 studies represented level III evidence. The noncomparative studies had a mean MINORS score of 10.8---indicating a moderate quality of evidence ([Appendix A](#appsec1){ref-type="sec"}).

Characteristics of the included studies {#sec3.3}
---------------------------------------

All the included studies were retrospective in nature. The data pooled from the eligible studies yielded a total of 188 patients with an age range of 21 to 92 years. The youngest average age in any of the included studies was 64.1 years [@bib7]. Each study reported patient gender; the overall male to female ratio was 1:1.4. The minimum average duration of patient follow-up for any individual study was 20 months [@bib13], [@bib14]. Among the entire cohort, patients were followed up for a minimum of 6 months to a maximum of 20 years [@bib13], [@bib14], [@bib15]. Only 2 studies commented on classification of initial fracture pattern using either the Arbeitsgemeinschaft für Osteosynthesefragen Classification [@bib13] or the Evans Classification [@bib16]. No other study mentioned initial fracture stability or quantified initial fracture displacement. The preferred method of initial fixation in all studies was a dynamic or sliding hip screw ([Table 2](#tbl2){ref-type="table"}).Table 2Fractures and procedures in different cohorts.AuthorInitial fractureIF methodMean duration to fixation failureCause of failureTime from failure to ARImplantApproachCho et al. [@bib12]IT fractureDHS (10), PFN (6), blade plate (1), Gamma nail (1)Not specified (NS)Nonunions (8), hardware failure/cutting out (5), AVN (2), malunion (2), arthritic change (1)13.6 mo (cTHA) vs 10.4 mo (cHA)Long stem (16), calcar-replacing implants (4)Not specifiedFeng et al. [@bib16]Evans type I (3), Evans type II (10) IT fractureDHS (13)9.5 mo (6.3-13.1)Nonunion with cut-out (8), hardware failure (2), AVN (3)10.7 mo (6.5-15.7)THA (4), bipolar HA (9)Not specifiedLaffosse et al. [@bib13]31--A1 (10), A2 (14), A3 (5)DHS (17), Gamma nail (5), long Gamma nail (1), Judet plating (4), Ender nail (1), PCCP (1)2 mo (0-5)Cut-out (21), disassembly (8), implant breakage (0)\<3 mo in 24 of 29 casesTHA (7): dual-mobility acetabular implant (4), cemented PE cup (2), and uncemented cup (1); head size NS (7); bipolar HA (22); modular, uncemented metadiaphyseal fitting stem (29)PosterolateralPachore et al. [@bib14]IT Fracture (26), IT Fracture with ST extension (4)SHS (13), PFN (6), Enders nail (3), Smith-Peterson Nail-Plate (2), blade plate (2), 95° sliding screw (2), Jewett nail (1), locking cobra plate (1)Nonunion (30)44.6 mo (4-324)THA (9): cemented cup (4) and uncemented cup (5); 28-mm heads (9); uncemented bipolar HA (19): proximally coated stem (2) and fully coated (17); cemented HA (2)PosteriorTsai et al. [@bib15]DHS (59), Gamma nail (16), dynamic condylar screw (2), reconstruction nail (1), angle plate (1)Lag screw cut-out (42), fracture collapse (29), nonunion (8)Not specifiedUncemented THA cup (55), uncemented standard metaphyseal locking stem (41), uncemented diaphyseal locking stem (29), cemented standard stem (9)Modified Hardinge (62), posterolateral (17)Zhang et al. [@bib7]IT fractureCompression hip screw40.3 mo (2-288); 6.0 mo (2-9) for nonunion/lag screw penetration, 70.0 mo (15-288) for AVNNonunion with penetration of lag screw (8), AVN (10), deep sepsis (1)Not specifiedStandard stem (19), uncemented bipolar HA (1), cemented bipolar HA (2), cemented THA (12), hybrid THA (2), uncemented THA (2)Posterior[^1]

The cause of fixation failure was reported for all 188 cases; lag screw cut-out accounted for 45% of failures (84 cases), whereas nonunion accounted for nearly 32% (60 cases). The mean time to fixation failure was reported in only 3 studies as 2, 9.5, and 40 months [@bib7], [@bib13], [@bib16]. In the study with a mean time to fixation failure of 40 months, the time to fixation failure differed considerably between patients who failed secondary to nonunion and/or lag screw cut-out (6 months) and those who suffered from osteonecrosis of the femoral head (60 months) [@bib7]. Reporting on the time from failure to salvage procedure was variable and ranged from \<3 to 44.6 months in 4 studies [@bib12], [@bib13], [@bib14], [@bib16].

Of the 188 cases, there were 100 cTHA and 88 cHA performed. One study did not record the surgical approach used for the salvage procedure [@bib12], and another did not specify the approach beyond extension of the prior incision [@bib16]. In the remaining studies, a combination of posterior, posterolateral, and the modified Hardinge approach was used [@bib7], [@bib13], [@bib14], [@bib15]. An intraoperative assessment of acetabular cartilage was the primary determinant of implant selection in all studies; patient age was not specified as a selection criterion for total vs hemiarthroplasty. One study preferred bipolar hemiarthroplasty to total hip arthroplasty (THA) in cases in which increased risk of dislocation was a concern (whenever healthy articular cartilage was present) [@bib7]. Four studies reported average estimated blood loss for all salvage arthroplasty procedures combined without directly comparing estimated blood loss during cHA vs cTHA [@bib7], [@bib13], [@bib15], [@bib16]. Another study found no statistically significant difference in transfusion volume between cHA and cTHA [@bib12]. Operative time for cHA vs cTHA was reported by only 2 authors; the mean difference was insignificant and ranged from 7 to 17 minutes [@bib12], [@bib13].

The implants and method of fixation used in each study were reported in varying level of detail ([Table 2](#tbl2){ref-type="table"}). Cho et al. [@bib12] and Feng et al. [@bib16] did not specify the implant type or whether cement was used in their cases. In the remaining cohort from the other 4 included studies, 126 of 157 femoral stems (80.3%) were uncemented with varying types of stem geometry, which included metaphyseal fitting, diaphyseal fitting, modular metadiaphyseal fitting, and fully-coated calcar-replacing stems [@bib7], [@bib13], [@bib14], [@bib15]. The decision to cement a standard femoral stem in the other 31 specifying cases was made based on bone quality and femoral canal geometry [@bib7], [@bib14], [@bib15]. Of the 87 cTHA performed that reported method of fixation, 69 (79%) cups were press-fit [@bib7], [@bib13], [@bib14], [@bib15]. Sixty-four of the 87 cTHA performed reported the femoral head size used, with 28 mm being the most common (54 cases), followed by 32 mm (8 cases) and 26 mm (2 cases) [@bib14], [@bib15]. Bipolar hemiarthroplasty was used in all cases of cHA. Three studies mentioned the manufacturer of the implants used [@bib7], [@bib13], [@bib15].

A variety of scoring systems were used in the assessment of functional outcomes among the included studies, and the most common of which was the HHS [@bib17] in 4 studies [@bib7], [@bib12], [@bib14], [@bib16]. Other scoring systems that were precluded in the quantitative meta-analysis included the Visual Analog Scale (VAS), Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and the Salvati and Wilson score (SW) for clinical outcomes, as well as independent functional outcome reports of pain and mobility.

Complications {#sec3.4}
-------------

The 6 included studies (188 patients) compared cHA vs cTHA as salvage procedures after failed fixation IT fractures. Homogeneity in reported complications among 5 studies permitted meta-analysis for the incidence of postoperative dislocation, reoperation, infection, intraoperative fracture, postoperative fractures, and stem subsidence. There was no significant difference between cHA and cTHA for postoperative dislocation, reoperation, infection, intraoperative fractures, postoperative fractures, or stem subsidence. There was a 10.4% dislocation rate after cTHA (10 among 96 cases) compared with 5% after cHA (4 among 79 cases); however, this did not reach statistical significance in the meta-analysis (relative RR, 0.75; 95% CI, 0.24-2.32; *P* = .61) ([Fig. 2](#fig2){ref-type="fig"}). Postoperative infection complicated 2 of 55 cHA and 3 of 71 cTHA (RR, 1.22; CI, 0.20-7.33; *P* = .83) ([Fig. 3](#fig3){ref-type="fig"}). Intraoperative fractures occurred in 5.5% of cHA and 21.1% of cTHA (3 of 55 and 15 of 71 cases, respectively) (RR, 0.45; CI, 0.07-2.72; *P* = .38) ([Fig. 4](#fig4){ref-type="fig"}). All intraoperative fractures occurred in the femur (no acetabular fractures were reported). Only one intraoperative femur fracture occurred during implantation of a cemented standard stem, whereas 9 and 4 intraoperative femur fractures occurred when using cementless standard metaphyseal fitting and diaphyseal fitting stems, respectively [@bib15]. Fractures noted in the metaphyseal-diaphyseal junction were commonly noted during femoral preparation or implant insertion and were managed with cerclage cables; the need to exchange for a longer stem in the instance of intraoperative fracture was not explicitly mentioned [@bib15]. All greater trochanter fractures were managed with wiring [@bib15]. The 4 remaining intraoperative femur fractures occurred in a study that reported frequent use of long diaphyseal fitting (16 of 18 cases) and calcar-replacing stems (4 of 18 cases) but did not clarify whether all incidents of fracture occurred with the use of this particular implant or how these fractures were managed in the operating room [@bib12]. Owing to a paucity of complication events observed in cohorts included in the meta-analysis, RRs were not estimable beyond that of a single study for reoperation ([Fig. 5](#fig5){ref-type="fig"}), postoperative fracture ([Fig.6](#fig6){ref-type="fig"}), and stem subsidence ([Fig. 7](#fig7){ref-type="fig"}) [@bib15].Figure 2Events of postoperative dislocation.Figure 3Events of postoperative infection.Figure 4Events of intraoperative fracture.Figure 5Events of reoperation following conversion arthroplasty.Figure 6Events of postoperative fracture.Figure 7Events of radiographic stem subsidence.

Functional outcomes {#sec3.5}
-------------------

Differences in the reported functional outcomes among the included studies precluded pooling of much of the data. Two studies reported mean changes in HHS after cHA and cTHA [@bib12], [@bib16]. Compared with preoperative HHS, cTHA yielded a mean increase in HHS of 47.5 ± 4.9 compared to an increase in HHS of 38.9 ± 7.2 after cHA at a minimum follow-up span of 14 months (*P* \< .001) ([Table 3](#tbl3){ref-type="table"}). Cho et al. [@bib12] additionally reported significant improvements in VAS and SWs at a minimum of 2-year follow-up after cTHA compared with those after cHA. A shared preoperative mean VAS of 5.6 improved to 0.9 after cTHA compared with 3.1 after cHA (*P* \< .001). SWs improved from 13.1 to 31.3 and 12.7 to 25.1 after cTHA and cHA, respectively (*P* = .033) [@bib12]. Mean joint-line cartilage thickness, protrusion acetabuli, and presence of osteophytes were all worse among those who underwent THA in this study [@bib12]. There were no significant differences in operative time, transfusion volume, or length of hospital stay between cTHA and cHA groups [@bib12].Table 3Mean change in HHS functional outcome at minimum 14-month follow-up.Hemiarthroplasty (cHA)Total hip arthroplasty (cTHA)*P* valueTotal (n)1813HHS38.9 ± 7.247.5 ± 4.9\<.001

In the series by Feng et al. [@bib16], WOMAC scores were also significantly improved at 1-year follow-up after both salvage procedures. At an average 31-month follow-up, 8 of 13 patients reported no hip pain, 2 reported slight pain, and 3 reported mild pain; only one of the 13 patients required use of an assistive device [@bib16]. Twenty-three of the 29 patients in the series published by Laffosse et al. [@bib13] were followed up over an average period of 20 months. Although none of the patients reported any pain, 6 patients required a cane, 8 required 2 canes or walker, and 3 patients were severely limited in independent mobility.

Three studies reported comparable improvements in HHS after salvage arthroplasty without directly comparing cTHA with cHA [@bib7], [@bib14], [@bib15]. HHSs increased from an average preoperative mean of 32.4 (range, 27.9-38.4) to 76 (range, 70.6-79.8) by the last follow-up [@bib7], [@bib14], [@bib15]. Approximately 60% of patients required use of some assistive device for ambulation 2 years after salvage arthroplasty, most of whom used a cane rather than a walker [@bib7], [@bib14].

Discussion {#sec4}
==========

Although many surgeons generally accept THA as the most successful salvage procedure for failed internal fixation of IT fractures, our study demonstrates no difference in complication rates between cTHA and cHA (postoperative dislocation, reoperation, infection, intraoperative fractures, postoperative fractures, or stem subsidence). However, we did find a significant increase in HHS of 47.5 ± 4.9 for cTHA compared with an increase of 38.9 ± 7.2 for cHA as of a minimum 14-month follow-up [@bib12], [@bib16].

To the best of our knowledge, very few studies have been published about this topic with varying results. The failure rate for these fractures has been reported to be between 4% and 17% in patients with preexisting osteoporosis [@bib6], [@bib18], [@bib19], [@bib20], [@bib21]. In addition, age and sex have also been associated with higher failure rates in this elderly population [@bib22]. Although dynamic hip screws typically provide excellent results for internal fixation, failure rates have been reported between 7% and 14% [@bib23]. Proximal femoral nails also provide good to excellent results, but failure rates are still cited between 7% and 13% [@bib24], [@bib25], [@bib26]. In turn, revision internal fixation or conversion arthroplasty (THA or hemiarthroplasty \[HA\]) are the 2 main salvage options for treatment of IT fracture fixation failure. As the success of revision osteosynthesis is limited by the host\'s healing capacity, salvage arthroplasty becomes the mainstay of treatment in this elderly population.

Several technical challenges must be overcome when performing arthroplasty after failed treatment of IT fractures. First, failed retained hardware, which often involve broken plates, screws, and/or intramedullary devices, must be carefully removed from the femur. Although special instrumentation can be useful to limit bone loss or intraoperative fracture during hardware extraction, presence of nonunion and/or osteoporotic bone may still limit proximal femur implant fixation. Often times, calcar-replacement implants or longer distal fixation stems must be used to account for the bone deficiency and to properly restore limb length and achieve durable fixation [@bib6]. One series included in this meta-analysis reported using long-stem or calcar-replacement implants in 89% and 22% of all patients, respectively, regardless of whether cTHA or cHA was performed [@bib12]. Another series reported using calcar-replacement stems, extended-neck stems, or long-stem implants in 51 of 60 salvage hip arthroplasties for failed IT fractures [@bib6]. Regarding the choice of cTHA vs cHA, patient comorbidity and functional demand must be considered in addition to the extent of preexisting arthritis and acetabular cartilage damage at the time of revision.

In the present study, there was no significant difference in infection, reoperation, intraoperative fractures, postoperative fractures, stem subsidence, or postoperative dislocations between either form of salvage arthroplasty. Although cTHA may yield favorable functional outcomes in some patients, any salvage arthroplasty for failed internal fixation can be expected to have higher rates of complications than the equivalent procedure performed primarily [@bib27], [@bib28], [@bib29], [@bib30]. Unfortunately, the available literature precluded a pooled-data analysis of the outcomes of cTHA or cHA for failed IT fracture fixation compared with that of primary arthroplasty.

Reviewing the outcomes of THA vs HA in the treatment of femoral neck fractures [@bib31], [@bib32], [@bib33], [@bib34], [@bib35], [@bib36] presents several points of consideration to the conversion-arthroplasty surgeon for preoperative decision-making. In a Medicare database cohort of over 70,000 patients aged 65 to 90 years with femoral neck fractures, HA was found to have a lower proportional hazard of reoperation and dislocation than THA, with less than 2% of patients undergoing conversion to THA at 2 years [@bib35]. Primary HA for femoral neck fracture has been cited to offer excellent 10-year survivorship, with 93.6% and 99.4% of patients (with a mean age of 79 years) free from reoperation for any reason and for acetabular cartilage wear, respectively [@bib31]. Other studies have reported higher reoperation rates after THA [@bib34] or no significant difference [@bib33] when compared to HA for intracapsular hip fractures. Patients who undergo HA for femoral neck fractures tend to have more discomfort and groin pain than those who undergo THA [@bib32], [@bib33], [@bib37]. Age, activity level, length of follow-up, and extent of acetabular cartilage erosion may all be correlated with symptom progression and rate of conversion from HA to THA [@bib32], [@bib37]. Similar factors likely account for the varying degrees of pain and functional outcomes between cTHA and cHA in the presented meta-analysis. We found a significant increase in HHS of 47.5 ± 4.9 for cTHA compared to an increase of 38.9 ± 7.2 after cHA at a minimum 14-month follow-up. As pain relief and restoration of function are common indications to perform salvage arthroplasty, it is important to highlight the increase in HHS after cTHA compared with that after cHA in this population. It is reasonable to expect this difference in pain level and HHS to increase with length of follow-up after salvage arthroplasty based on the aforementioned literature. Published outcomes data have shown comparable improvements in HHS between cTHA performed for failed sliding hip screw and cephalomedullary nail constructs at a 3-year follow-up [@bib38]. Although THA addresses acetabular cartilage damage and the need for implant longevity in some patients, longer operating times and increased blood loss can be expected for THA compared with HA [@bib33], [@bib36]. Authors have reported these figures to be only slightly higher when primary arthroplasty is performed for proximal femur fractures than those of elective arthroplasty for osteoarthritis [@bib33], [@bib36]. These same metrics, however, may increase substantially in conversion procedures requiring extensile dissection and hardware removal [@bib39]. Given the favorable increase in HHS after cTHA in this meta-analysis of studies that used the status of acetabular cartilage as the determining factor between cTHA and cHA, the authors recommend using patient age and preinjury functional status as the primary determinant of whether to resurface the acetabulum in these cases. Such factors likely correlate with patient health and ability to tolerate the increased surgical burden of cTHA. Furthermore, it is likely difficult to predict the endurance of acetabular cartilage over time after cHA.

The main strength of this study was our ability to identify a high number of overall patients by using an extensive search strategy with broad inclusion criteria to capture most related literature. However, we acknowledge several limitations inherent to the literature available on presented topic. First, our analysis is limited by the heterogeneity in reporting of clinical and functional outcomes, which preclude further pooling of data beyond what are presented. Second, the studies included in our analysis were retrospective in nature, which further reduces the quality of evidence provided by our conclusions. In addition, there were numerous studies that had to be excluded due to the lack of a direct comparison group, insufficient detail of the included cases, or inclusion of multiple fracture types in the cohort (both femoral neck IT and subtrochanteric fractures). Data on these potential subjects could not be sufficiently extracted for analysis. Third, multiple surgeons were included in the analysis who used different surgical approaches and revision prostheses, and there was a significant variation among the included subjects in regard to the retained, failed hardware. Although this variation precluded conclusions unique to initial mode of fracture fixation, surgical approach, or specific revision implants, we believe our results are generalizable to all cases of failed IT fracture fixation. Finally, the choice between cTHA and cHA at the time of salvage is ultimately subjective in nature.

Conclusions {#sec5}
===========

Our study supports previous literature that cTHA and cHA are reliable salvage procedures for failed fixation of IT fractures. The present study found no difference in clinical outcomes but did show more favorable results in functional outcomes (HHS) after cTHA. Nonetheless, salvage arthroplasty procedures performed for failed internal fixation are associated with increased technical demands and risk of complications compared with routine primary hip arthroplasty. Use of tailored implants and careful consideration of fixation method become paramount. Surgeons must understand the increased risk of perioperative morbidities and individually counsel patients according to both health status and functional demand when deciding between cTHA and cHA. Despite these increased challenges, cTHA and cHA provide acceptable clinical outcomes and serve as effective treatment methods for failed femoral IT fracture fixation. Further study of long-term outcomes is necessary to delineate the incidence and causes of reoperation for cHA and cTHA performed for failed internal fixation of IT fractures.

Appendix A. Supplementary data {#appsec1}
==============================
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[^1]: AR, arthroplasty; AVN, avascular necrosis; DHS, dynamic hip screw; IF, internal fixation; PCCP, percutaneous compression plate; PFN, proximal femoral nail; ST, subtrochanteric.
